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Abstract

Objective

Numerous studies have investigated the associations between herpesviruses and chronic
periodontitis; however, the results remain controversial. To derive a more precise estima-
tion, a meta-analysis on all available studies was performed to identify the association
between herpesviruses and chronic periodontitis.

Methods

A computerized literature search was conducted in December 2014 to identify eligible case-
control studies from the PUBMED and EMBASE databases according to inclusion and
exclusion criteria. Data were extracted and pooled odds ratios (OR) with 95% confidence
intervals (Cl) were used to assess the association between herpesviruses and risk of
chronic periodontitis. A fixed or random effects model was determined based on a heteroge-
neity test. Sensitivity analysis was conducted to investigate stability and reliability. Publica-
tion bias was investigated using the Begg rank correlation test and Egger's funnel plot.

Results

Ten eligible studies were included to investigate the association between Epstein—Barr
virus (EBV) and chronic periodontitis. The results showed that EBV has a significant associ-
ation with chronic periodontitis compared with periodontally healthy group (OR =5.74, 95%
Cl=2.53-13.00, P<0.001). The association between human cytomegalovirus (HCMV) and
chronic periodontitis was analyzed in 10 studies. The pooled result showed that HCMV also
has a significant association with chronic periodontitis (OR = 3.59, 95% Cl =1.41-9.16, P =
0.007). Similar results were found in the sensitivity analyses. No significant publication bias
was observed. Two eligible studies were included to investigate the association between
herpes simplex virus (HSV) and chronic periodontitis risk. The association between HSV
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and chronic periodontitis was inconclusive (OR =2.81 95% Cl = 0.95-8.27, P = 0.06). Only
one included study investigated the association between human herpesvirus 7 (HHV-7)
and chronic periodontitis risk (OR = 1.00, 95% CIl = 0.21-4.86).

Conclusion

The findings of this meta-analysis suggest that two members of the herpesvirus family, EBV
and HCMV, are significantly associated with chronic periodontitis. There is insufficient evi-
dence to support associations between HSV, HHV-7 and chronic periodontitis.

Introduction

Periodontitis is a complex disease that is among the most prevalent microbial diseases and
chronic inflammatory diseases worldwide [1]. Chronic periodontitis is the most prevalent sub-
group of periodontitis and can result in periodontal destruction, alveolar bone resorption,
occasional pain, and eventual tooth loss [1]. Although the process of periodontitis is considered
to involve a multifactorial interaction between microbial, host, and environmental modulating
factors [2], microbial agents are of key importance in the development of periodontitis.

It is well accepted that periodontitis is associated with colonization of specific bacterial spe-
cies upon the teeth surfaces. However, several studies have reported the absence of these spe-
cific bacterial species in patients with periodontal disease, and no significant difference has
been found in the prevalence of bacteria between healthy and diseased periodontal tissues [3-
4]. It is becoming increasingly clear that some major clinical characteristics of periodontitis,
such as, site specificity, self-limited progression and recurrence, are difficult to be explained
simply by the theory of bacterial infection [5]. In view of this issue and the fact that most evi-
dence for the bacterial etiology of periodontitis is indirect, some scholars have suggested that
the pure bacterial cause for periodontitis had been overemphasized [6].

Herpesviruses came into our sight as putative pathogens of periodontal disease in the mid
1990s. Herpesviruses are the most common viruses in humans, infecting 80-90% of the global
adult population [7]. Eight members of the herpes family are known to cause human disease.
These are Epstein-Barr virus (EBV), human cytomegalovirus (HCMYV), herpes simplex virus 1
and 2 (HSV-1, HSV-2), varicella zoster virus (VZV), human herpesvirus 6 (HHV-6), human
herpesvirus 7 (HHV-7), and human herpesvirus 8 (HHV-8). In the past decade, a number of
studies have been conducted to investigate the influence of herpesvirus on the clinical charac-
teristics of chronic periodontitis [8—-19]. These findings were controversial regarding detection
of the viral DNA of herpesviruses in the periodontal environment. Some studies indicated a
significantly increased risk of chronic periodontitis accompanied by higher prevalence of
detection of herpesvirus [9,10,12,13,16,19], whereas other studies indicated contrary results
[8,11,14,15,17,18]. Hence, the goal of this study was to clarify the association between detection
of herpesviruses and risk of chronic periodontitis through conducting a meta-analysis based on
relevant case-control studies.

Materials and Methods

This study was in compliance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines. A review protocol did not exist.
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Search strategy

A computerized literature search of the PUBMED and EMBASE databases to identify relevant
case-control studies that assessed the relationships between herpesviruses and chronic peri-
odontitis was conducted in December 2014 by two reviewers (Ce Zhu and Fei Li). The follow-
ing phrases or keywords were used: (virus OR herpesvir* OR EBV OR CMV OR HCMV OR
HHYV OR HSV OR Epstein-Barr virus OR cytomegalovirus OR herpes simplex virus OR
Human herpesvirus) AND (chronic periodontitis OR periodontal disease OR paradontosis OR
parodontopathy OR periodontal). The search was performed in English without any other
restrictions. A manual search involved the reference lists of the relevant articles retrieved was
also conducted.

Inclusion and exclusion criteria

The included studies met the following inclusion criteria: (1) studies designed as a case-control
study (patients with chronic periodontitis versus periodontally healthy volunteers); (2) studies
evaluating the association between herpesviruses and chronic periodontitis; (3) sample loca-
tions were: subgingival plaque, gingival crevicular fluid, and biopsy;(4) methods of sample
analyses were: polymerase chain reaction (PCR), real-time PCR, nested PCR, or multiplex
PCR; (5) all participants were systemically healthy; (6) sufficient data could be extracted from
articles, obtained by calculation, or obtained by contacting the authors of the primary studies.

Studies meeting more than one of the following criteria were excluded: (1) case reports,
review articles, animal studies, or studies that were not case-control design; (2) samples were
obtained from participants with systemic disease; (3) saliva samples were used for detection of
the selected viruses; (4) available data could not be extracted or obtained by calculation from
the article or by contacting the authors of the primary studies; (5) duplicate publication.

Study selection

The title and abstract of retrieved articles were screened to ascertain potential inclusion. The
full article was obtained for articles appearing to qualify for possible inclusion. After the assess
ment of full-text, those articles meeting all inclusion and exclusion criteria were submitted for
final inclusion by reviewers.

Data extraction

Data extraction from included studies was conducted in duplicate by the same two reviewers.
The following information was extracted: first author’s name, publication year, country of the
study population, demographics, total number of cases and controls, sample type, methods of
sampling and sample analyses, and detection rate of herpesviruses. The detection rate of her-
pesviruses in case and control groups were extracted from the articles or obtained by calcula-
tion. Authors were contacted directly if crucial data were not reported in the original articles.
Any controversial issues were resolved by discussion.

Statistical analysis

The statistical analysis was performed using RevMan version 5.1 (The Nordic Cochrane Cen-
tre, The Cochrane Collaboration, Copenhagen, Denmark) and Stata Release 12 (StataCorp,
College Station, TX, USA) software. Odds ratios (OR) and the corresponding 95% confidence
intervals (CI) were used to measure the association between detection of herpesviruses and
chronic periodontitis risk. Heterogeneity test was assessed with use of the Q test and I” value. A
tixed or random effects model was selected based on a heterogeneity test: if the P value of Q
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statistic was less than 0.1 or I was more than 50%, the random effects model was chosen; oth-
erwise, the fixed effects model was chosen. Additionally, a sensitivity analysis was conducted to
access the effect of a single study on the pooled ORs by omitting one study in turn each time.
The publication bias was investigated with the Begg rank correlation test and Egger's funnel
plot, the Egger's funnel plot asymmetry was assessed using regression liner method. P<0.05
was considered statistically significant and all P-values were two-sided.

Results
Description of the studies

We initially identified 1077 records from the above databases, with 1017 records remaining
after duplicates were removed in EndNote. A total of 919 non-relevant records were excluded
by screening the titles and abstracts. The full-texts of the remaining 98 studies were treated in
detail, of which 12 relevant studies involving the association between herpesviruses and chronic
periodontitis were eligible according to the above inclusion and exclusion criteria. Eventually, a
total of 12 studies comprising 552 cases and 371 controls were included in this meta-analysis.
The study selection process is shown in Fig 1, and the characteristics are summarized in

Table 1.

Quantitative synthesis

Quantitative synthesis was treated separately according to herpesvirus types. Forest plots of the
association between herpesviruses and risk of chronic periodontitis are shown in Fig 2. The
association between EBV and chronic periodontitis was analyzed in 10 studies involving 492
patients with chronic periodontitis and 329 periodontally healthy controls. The heterogeneity
was significant (P,<0.001, I* = 67%), so the random effects model was selected. The pooled
results showed that EBV has an association with a significantly increased risk of chronic peri-
odontitis (OR = 5.74, 95% CI = 2.53-13.00, P<0.001) (Fig 2A).

The association between HCMV and risk of chronic periodontitis was analyzed in 10 studies
involving 402 patients with chronic periodontitis and 327 periodontally healthy controls. The
random effects model was also selected according to the heterogeneity test (P,<0.001, I* =
74%). The pooled results showed that HCMV has an association with a significantly increased
risk of chronic periodontitis (OR = 3.59, 95% CI = 1.41-9.16, P = 0.007) (Fig 2B).

Two eligible studies were included to investigate the association between HSV and chronic
periodontitis risk. The fixed effects model was selected according to the heterogeneity test (P,
= 0.84, I* = 74%). The association between HSV and chronic periodontitis was inconclusive
(OR =2.8195% CI =0.95-8.27, P = 0.06) (Fig 2C).

Only one included study investigated the association between HHV-7 and chronic peri-
odontitis risk (Rotala et al. 2008; OR = 1.00, 95% CI = 0.21-4.86). No included study reported
detection of VZV, HHV-6 and HHV-8 in the selected samples.

Sensitivity analysis

Results of sensitivity analysis of the associations between EBV, HCMYV, and chronic periodon-
titis are presented in Fig 3. The pooled results yielded consistent results when any single study
was omitted. In the overall meta-analysis, no single study changed the pooled ORs significantly,
suggesting that the results were statistically stable and reliable. Because of the limited number
of articles, we did not assess the sensitivity analysis for the other members of the herpesvirus
family.
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Fig 1. Flow chart for the study selection process.

doi:10.1371/journal.pone.0144319.g001

Publication bias

v

No case-control design (n=51)
Saliva was collected (n=7)

No documented data of detection of
herpesviruses (n=16)

Participants ~ with  systemically
disease (n=12)

As shown in Fig 4, no significant publication bias was indicated in this meta-analysis by both
the Begg rank correlation test and the Egger’s funnel plot asymmetry test (regression liner
method) (EBV: Begg test, P = 0.754; Egger test, P = 0.345. HCMV: Begg test, P = 0.721; Egger
test, P = 0.151). Because of the limited number of articles, we did not assess the publication bias
for the other members of the herpesvirus family.
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Table 1. Characteristics of studies included in the meta-analysis.

Studies Country Participants(cases/controls) Materials and Methods
Sample Mean Age Sample  Sampling PCR type
Size Type
Saygun et al, Turkey 30/21 42.80/41.72 SP Paper Nested
2002 [8] point PCR
Wau et al, 2006 China 65/24 Males 43.9/37.3 SP Paper Nested
[9] Femals45.3/36.3 point PCR
Botero et al, Colombia 20/22 44.0/31.2 SP Paper Nested
2007 [10] point PCR
Wu et al, 2007  China 143/76 Males 41.4/38.8 SP Paper Nested
[11] Femals42.5/37.5 point PCR
Chalabi et al, Iran 61/40 42.9/40.7 SP Curette Nested
2008 [12] PCR
Imbronito et al,  Brazil 30/30 42.7/28.1 SP Paper Nested
2008 [13] point PCR
Rotola et al, Italy 13/13 50.8/25.8 BS Biopsy Nested
2008 [14] PCR
Nibali et al, UK 20/40 43.4/50.3 SP Curette Real-time
2009 [15] PCR
Chalabi et al, Iran 40/40 40.9/42.0 SP Curette PCR
2010 [16]
Das etal, 2012 India 25/25 N/A SP Curette Multiple
117 PCR
Sharma et al, India 20/20 42.53/36.52 SP Curette PCR
2012 [18]
Kato et al, 2013 Japan 85/20 57.4/45.9 SP Paper Nested
[19] point PCR

Herpesviruses Prevalence

Cases

EBV/(+)5/30 HCMV
(+)13/30 HSV/(+) 2/
30

EBV(+) 43/65
HCMV/(+) 12/20

EBV(+)91/143
HCMV(+)113/143

EBV(+)48/61 HCMV
(+) 35/61

EBV(+)14/30 HCMV
(+)15/30 HSV/(+) 12/
30

EBV(+)6/13 HCMV
(+)0/13 HHV-7(+) 8/
13

EBV/(+)0/20 HCMV
(+) 0/20

HCMV/(+) 20/40

EBV/(+)8/25 HCMV
(+) 7/25

EBV/(+)5/20 HCMV
(+) 4/20

EBV(+) 56/85

Abbreviations: N/A, not applicable; SP, subgingival plaque; BS, biopsy specimen; PCR, polymerase chain reaction.

doi:10.1371/journal.pone.0144319.t001

Discussion

Controls

EBV(+)3/21 HCMV(+)
3/21 HSV(+) 0/21

EBV(+) 4/24
HCMV/(+) 4/22

EBV(+)23/76 HCMV
(+)58/76

EBV(+)1/40 HCMV(+)
1/40

EBV(+)0/30 HCMV/(+)
17/30 HSV/(+) 6/30

EBV(+)1/13 HCMV(+)
1/13 HHV-7(+) 8/13

EBV(+)4/40 HCMV(+)
0/40

HCMV/(+) 2/40

EBV(+)2/25 HCMV(+)
2/25

EBV(+)0/20 HCMV(+)
2/20

EBV(+) 18/40

Periodontitis affects the majority of adults worldwide [20]. The main etiological agents are var-
ied microbial species organized in form of biofilm. The influence of periodontopathic bacteria
on the pathogenesis of periodontitis has been well recognized [21]. Although the presence of
specific Gram-negative bacteria is essential to initiatie and perpetuate periodontal disease, a
bacterial etiology alone cannot explain the clinico-pathologic features presented in the disease
[22]. Evidence convincingly suggests that the presence of certain viruses in the periodontal
environment promote the course of periodontal disease, and possible mechanisms have also
been suggested. Millions of genomic copies of human viruses may be harbored in periodontal
lesions [7], with herpesviruses the most commonly researched viruses in periodontology [23].
Slots [23] presented evidence that viruses and bacteria in aggregate can produce a greater path-
ogenic effect than the sum of the individual agents, and the current model of the pathogenesis
of periodontitis should be revisited according to the concept of a herpesviral-bacterial co-

infection.

A number of studies have reported a significant relationship between herpesviruses and risk
of chronic periodontitis; however, the findings remain inconsistent. Several groups have pro-
vided weak associations and even opposite results between periodontal herpesviruses and
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A EBV cP PH Odds Ratio Odds Ratio

r r Events Total Events Total Weigh M-H, Random % Cl Year M-H, Random, 95% CI
Saygun 2002 5 30 3 21 11.1% 1.20 [0.25, 5.68] 2002 -
Wu 2006 43 65 4 24 13.3% 9.77 [2.97, 32.13] 2006 -
Wu 2007 91 143 23 76 16.9% 4.03 [2.22,7.32] 2007 -
Chalabi 2008 48 61 1 40 8.4% 144.00 [18.04, 1149.62] 2008 —
Rotola 2008 6 13 1 13 7.5% 10.29 [1.02, 103.95] 2008 -
Imbronito 2008 14 30 0 30 5.6% 53.61 [3.00, 956.98] 2008 - -
Nibali 2009 0 20 4 40 5.4% 0.20 [0.01, 3.86] 2009 - - |
Das 2012 5 20 0 20 5.4% 14.55 [0.75, 283.37] 2012 T
Sharma 2012 8 25 2 25 10.5% 5.41[1.02, 28.79] 2012 —
Kato 2013 56 85 18 40 15.9% 2.36 [1.10, 5.08] 2013 —
Total (95% CI) 492 329 100.0% 5.74 [2.53, 13.00] . 4
Total events 276 56 . . . .
Heterogeneity: Tau? = 0.94; Chi? = 27.11, df =9 (P = 0.001); I = 67% '0.001 0i1 1 1'0 1000'

Test for overall effect: Z = 4.19 (P < 0.0001)

Favours PH Favours CP

B Hcmv CcP PH Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H. Random, 95% CI

Saygun 2002 13 30 3 21 12.0% 4.59[1.11,18.98] 2002 -

Botero 2007 12 20 4 22 12.0% 6.75[1.66, 27.51] 2007 - -

Wu 2007 113 143 58 76 15.2% 1.17 [0.60, 2.27] 2007 -

Rotola 2008 0 13 1 13 5.4% 0.31[0.01, 8.30] 2008 -

Imbronito 2008 35 61 1 40 9.2% 52.50 [6.77, 407.31] 2008 -

Chalabi 2008 15 30 17 30 13.8% 0.76 [0.28, 2.11] 2008 I

Nibali 2009 0 20 0 40 Not estimable 2009

Chalabi 2010 20 40 2 40 11.4% 19.00 [4.03, 89.62] 2010 - -

Das 2012 7 25 2 25 10.7% 4.47[0.83, 24.19] 2012 T

Sharma 2012 4 20 2 20 10.1% 2.25[0.36, 13.97] 2012 -

Total (95% CI) 402 327 100.0% 3.59 [1.41, 9.16] -

Total events 219 90 . . . .
H . 2 — . 12 = - - . |2 = 0, T T T 1

Heterogeneity: Tau? = 1.38; Chi? = 31.29, df = 8 (P = 0.0001); I> = 74% 001 OA 1 10 100

Test for overall effect: Z = 2.68 (P = 0.007)

Favours PH Favours CP

CHsv CcP PH Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Saygun 2002 2 30 0 21 13.0% 3.77 [0.17, 82.69] 2002 -
Imbronito 2008 12 30 6 30 87.0% 2.67 [0.84, 8.46] 2008 T .
Total (95% CI) 60 51 100.0% 2.81[0.95, 8.27] ‘
Total events 14 6
. 2 — = - .12 = 0O I } } |
Heterogeneity: Chi? = 0.04, df =1 (P = 0.84); I> = 0% 001 01 1 10 100

Test for overall effect: Z = 1.88 (P = 0.06)

Favours PH Favours CP

Fig 2. Forest plot of the association between herpesviruses and risk of chronic periodontitis (CP): (A) EBV and CP risk, (B) HCMV and CP risk, (C)

HSV and CP risk.
doi:10.1371/journal.pone.0144319.9002
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A Eesv
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Fig 3. Sensitivity analysis of the association between herpesviruses and risk of chronic periodontitis (CP): (A) EBV and CP risk, (B) HCMV and CP
risk.

doi:10.1371/journal.pone.0144319.9003
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risk.

doi:10.1371/journal.pone.0144319.9004
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chronic periodontitis [8,11,12,14,15]. A recent review has listed the findings on herpesviruses
detected in patients with periodontal disease and periodontally healthy people, and summa-
rized pathogenic characteristics of the herpesviral-bacterial co-infection model [24]. Another
review described in more detail on the interaction between herpesviruses and putative peri-
odontal bacteria [25]. However, no meta-analysis has given overall estimated results on the
association between herpesviruses and risk of chronic periodontitis. Hence, we performed the
first meta-analysis to clarify this research question based on existing research data. These find-
ings may help to provide more reliable evidence than single case-control studies.

The combined results of this meta-analysis reveal evidence that EBV and HCMV have a sig-
nificant association with increased risk of chronic periodontitis. The sensitivity analyses indi-
cated that the pooled estimates were comparatively robust, and no significant publication bias
was observed. There is insufficient evidence to support the associations between HSV, HHV-7
and chronic periodontitis because only two eligible studies for HSV and one eligible study for
HHV-7 were included in this review. Further high quality studies based on large scale samples
are needed to identify the association with chronic periodontitis for HSV and HHV-7. There
were no included studies covering the remaining members of the herpes virus family.

The majority of studies compared the viral detection frequency among chronic periodonti-
tis patients and periodontally healthy volunteers. Relationships were investigated between the
detection of herpesviruses and clinic parameters, including probing depth and attachment
loss. Most studies detected HCMV genomes in more than 50% of infected sites [10-13,16];
the sampling sites of control groups generally showed lower frequency of viral detection
[8,10,12,14-18]. However, two studies reported higher occurrence of HCMYV in the control
group [11,13], and three studies only detected HCMYV in less than 25% of infected sites
[14,15,18]. Of 10 studies addressing the presence of EBV, half reported a detection frequency
of more than 50% in the infected sites of patients with chronic periodontitis [9,11,12,14,19],
another five studies failed to detect such high EBV occurrence among such patients
[13,15,17,18,26]. All studies on periodontally healthy volunteers reported occurrence of EBV
in more than 50% of participants.

Periodontitis involves inflammatory processes characterized by accumulation of immune
cells [27]. Previous research has suggested that because of viral replication in lymphocytes,
monocytes and macrophages, viruses can adjust to immune mechanisms and influence the
immune response directly or indirectly [28,29]. Conceivably, herpesviruses can reduce the abil-
ity of periodontal tissues to resist bacterial invasion through infecting or alterring structural
cells or host defense cells of the periodontium [30-32]. Periodontitis may be evoked by herpes-
viral-bacterial co-infection.

The mechanisms of EBV and HCMYV in the pathogenesis of periodontitis remain unclear.
EBV primarily infects B-lymphocytes, and HCMYV infects several types of cells. HCMV could
establish latency in macrophage granulocyte progenitor cells and peripheral blood mononu-
clear cells [33]. Evidence supported that EBV and HCMYV are related to the subgingival pres-
ence of major periodontal pathogenic bacteria. Saygun et al. [26] revealed a close relationship
between counts of Porphyromonas gingivalis and Tannerella forsythia and genome copy-counts
of EBV and HCMV. Another study revealed that EBV reactivation could be induced by P. gin-
givalis through epigenetic regulation [31]. EBV-HCMV co-infection tends to be associated
with severe clinical features in chronic periodontitis [11,12].

Data evaluating the association between detection of herpesviruses and risks of other peri-
odontal disease entities weren’t included in this study. The aim of this meta-analysis was to sta-
tistically analyze the association between detection of herpesviruses and risk of chronic
periodontitis; therefore, we included 12 studies investigating this association. Unfortunately,
among those studies, only three detected the herperviral-bacterial co-infection in chronic
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periodontitis. Betero et al. [10] found that Prevotella intermedia, Prevotella nigrescens, and
Eikenella corrodens were increased in HCMV-positive patients with chronic periodontitis (P <
0.05), suggesting that simultaneous infection with high levels of periodontopathic microorgan-
isms and HCMYV could increase the risk for periodontitis. Imbronito et al. [13] found that coin-
fections of EBV-1 and P. gingivalis, HCMV and T. forsythia, HCMV and Aggregatibacter
actinomycetemcomitans, HSV-1 and T. forsythia, as well as HSV-1 and P. intermedia were
more frequent in patients with chronic periodontitis than in periodontally healthy individuals
(P<0.05). Kato et al. [19] found that the ORs of having chronic periodontitis (PD>5 mm) for
EBV and P. gingivalis coinfection were higher (approximately 1.82-fold) compared with the
solitary presence of either EBV DNA or P. gingivalis. All groups of researchers suggested her-
pesviral-bacterial co-infection may increase the risk for periodontitis, but definite conclusions
could not be drawn owing to insufficient sample size. Chalabi et al. [16] detected both period-
ontopathic bacteria and herpesviruses in chronic periodontitis sites, but analysis for coinfec-
tions was not performed. The remaining eight included studies did not investigate
periodontopathic bacteria in the selected samples. Especially, the mechanisms of herpesviral-
bacterial co-infection are not entirely clear. In view of these facts, this meta-analysis estimated
the OR of herpesviruses infection only. Quantitative synthesis based on data evaluating the
association between herpesviral-bacterial co-infection and risk of periodontal disease is
required. This meta-analysis discussed herpesviruses and chronic periodontitis risk in systemi-
cally healthy people. Syndromes present with advanced types of periodontitis may serve as a
model for studying herpesviruses in the pathogenesis of periodontal disease [34-36].

Several limitations should be considered in this meta-analysis. First, significant heterogene-
ity between the studies included in quantitative synthesis for EBV and HCMV were detected.
However, we were unable to conduct subgroup analysis based on sample type, Sampling
method, or analysis method owing limited data. Second, a language bias might be a potential
problem because the included studies were all published in English. Third, only two studies
were included in the quantitative synthesis for HSV, which may have provided insufficient
power to test for a significant association. Fourth, the age distributions of participants were
extracted from each included study, but the confounding effect of age was not evaluated in this
meta-analysis. Last, the results of our meta-analysis were applicable to only three ethnic groups
—Europeans, Asians, and ethnic groups of the Americas; there were no relevant studies con-
ducted among African ethnic groups.

Pathogenesis research has established system theories about the promotion effect of herpes-
viruses on periodontitis. Results of the present meta-analysis also suggest that EBV and
HCMYV have an association with significantly increased risk for chronic periodontitis. How-
ever, current periodontal therapy, which has been proved to be ineffective in treating late stage
disease, is still based on the concept of traditional bacterial infection. The lack of a curative
effect might be owing to the failure to apply viral pathogenesis theory [37]. Sunde et al. [38]
treated a patient with refractory periodontitis and high EBV levels using valacyclovir hydro-
chloride, resulting in marked improvement of the patient’s periodontal situation. Cobb et al.
[6] also found that the application of antiviral interferon could reduce gingival inflammation
in a canine model. Periodontal treatment that includes both antibacterial debridement and
antiviral agents might be more effective in treating the intractable and recurrent periodontitis.
Further studies may provide more data on EBV and HCMYV as factors in the pathogenesis of
chronic periodontitis, and new approaches to preventing and treating chronic periodontitis
may focus on controlling herpesviruses. This meta-analysis provided circumstantial evidence
that herpesviruses play a role in chronic periodontitis; nevertheless, a cause-and-effect relation-
ship remains to be established. The possible involvement of human herpesviruses in the patho-
genesis of chronic periodontitis merits further investigation.

PLOS ONE | DOI:10.1371/journal.pone.0144319 December 14,2015 11/183



@’PLOS ‘ ONE

Herpesviruses and Chronic Periodontitis

Supporting Information

S1 PRISMA Checklist. PRISMA Checklist.
(DOC)

Author Contributions

Conceived and designed the experiments: CZ FL CMW. Performed the experiments: CZ FL
CMW HXL WX. Analyzed the data: CZ FL CMW HXL WX. Contributed reagents/materials/
analysis tools: CZ FL CMW HXL WX. Wrote the paper: CZ FL XPF HXL. Assisted with the
full text and revised the grammar: XPF HXL WX.

References

1.

10.

11.

12

13.

14.

15.

16.

Pihlstrom BL, Michalowicz BS, Johnson NW (2005) Periodontal diseases. Lancet 366: 1809-1820.
PMID: 16298220

Thomasini RL, Bonon SH, Durante P, Costa SC (2012) Correlation of cytomegalovirus and human her-
pesvirus 7 with CD3+ and CD3+ CD4+ cells in chronic periodontitis patients. J Periodontal Res 47:
114-120. doi: 10.1111/j.1600-0765.2011.01413.x PMID: 21895663

Riep B, Edesi-Neuss L, Claessen F, Skarabis H, Ehmke B, Flemmig TF, et al. (2009) Are putative peri-
odontal pathogens reliable diagnostic markers? J Clin Microbiol 47: 1705-1711. doi: 10.1128/JCM.
01387-08 PMID: 19386852

Abusleme L, Dupuy AK, Dutzan N, Silva N, Burleson JA, Strausbaugh LD, et al. (2013) The subgingival
microbiome in health and periodontitis and its relationship with community biomass and inflammation.
ISME J 7: 1016-1025. doi: 10.1038/ismej.2012.174 PMID: 23303375

Saygun |, Kubar A, Sahin S, Sener K, Slots J (2008) Quantitative analysis of association between her-
pesviruses and bacterial pathogens in periodontitis. J Periodontal Res 43: 352-359. PMID: 18086168

Slots J (2011) Herpesvirus periodontitis: infection beyond biofilm. J Calif Dent Assoc 39: 393-399.
PMID: 21823497

Slots J (2009) Oral viral infections of adults. Periodontol 2000 49: 60—86. doi: 10.1111/j.1600-0757.
2008.00279.x PMID: 19152526

Saygun |, Sahin S, Ozdemir A, Kurtis B, Yapar M, Kubar A, et al. (2002) Detection of human viruses in
patients with chronic periodontitis and the relationship between viruses and clinical parameters. J Peri-
odontol 73: 1437—-1443. PMID: 12546093

Wu YM, Yan J, Chen LL, Sun WL, Gu ZY (2006) Infection frequency of Epstein-Barr virus in subgingival
samples from patients with different periodontal status and its correlation with clinical parameters. J
Zhejiang Univ Sci B 7: 876-883. PMID: 17048301

Botero JE, Parra B, Jaramillo A, Contreras A (2007) Subgingival human cytomegalovirus correlates
with increased clinical periodontal parameters and bacterial coinfection in periodontitis. J Periodontol
78:2303-2310. PMID: 18052702

Wu YM, Yan J, Ojcius DM, Chen LL, Gu ZY, Pan JP (2007) Correlation between infections with different
genotypes of human cytomegalovirus and Epstein-Barr virus in subgingival samples and periodontal
status of patients. J Clin Microbiol 45: 3665—-3670. PMID: 17804655

Chalabi M, Moghim S, Mogharehabed A, Najafi F, Rezaie F (2008) EBV and CMV in chronic periodonti-
tis: a prevalence study. Arch Virol 153: 1917-1919. doi: 10.1007/s00705-008-0186-7 PMID: 18791835

Imbronito AV, Okuda OS, Maria de Freitas N, Moreira Lotufo RF, Nunes FD (2008) Detection of herpes-
viruses and periodontal pathogens in subgingival plaque of patients with chronic periodontitis, general-
ized aggressive periodontitis, or gingivitis. J Periodontol 79:2313-2321. doi: 10.1902/jop.2008.
070388 PMID: 19053922

Rotola A, Cassai E, Farina R, Caselli E, Gentili V, Lazzarotto T (2008) Human herpesvirus 7, Epstein-
Barr virus and human cytomegalovirus in periodontal tissues of periodontally diseased and healthy sub-
jects. J Clin Periodontol 35: 831-837. doi: 10.1111/j.1600-051X.2008.01301.x PMID: 18691217

Nibali L, Atkinson C, Griffiths P, Darbar U, Rakmanee T, Suvan J (2009) Low prevalence of subgingival
viruses in periodontitis patients. J Clin Periodontol 36: 928—-932. doi: 10.1111/j.1600-051X.2009.
01476.x PMID: 19811582

Chalabi M, Rezaie F, Moghim S, Mogharehabed A, Rezaei M, Mehraban B (2010) Periodontopathic
bacteria and herpesviruses in chronic periodontitis. Mol Oral Microbiol 25: 236-240. doi: 10.1111/.
2041-1014.2010.00571.x PMID: 20536751

PLOS ONE | DOI:10.1371/journal.pone.0144319 December 14,2015 12/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144319.s001
http://www.ncbi.nlm.nih.gov/pubmed/16298220
http://dx.doi.org/10.1111/j.1600-0765.2011.01413.x
http://www.ncbi.nlm.nih.gov/pubmed/21895663
http://dx.doi.org/10.1128/JCM.01387-08
http://dx.doi.org/10.1128/JCM.01387-08
http://www.ncbi.nlm.nih.gov/pubmed/19386852
http://dx.doi.org/10.1038/ismej.2012.174
http://www.ncbi.nlm.nih.gov/pubmed/23303375
http://www.ncbi.nlm.nih.gov/pubmed/18086168
http://www.ncbi.nlm.nih.gov/pubmed/21823497
http://dx.doi.org/10.1111/j.1600-0757.2008.00279.x
http://dx.doi.org/10.1111/j.1600-0757.2008.00279.x
http://www.ncbi.nlm.nih.gov/pubmed/19152526
http://www.ncbi.nlm.nih.gov/pubmed/12546093
http://www.ncbi.nlm.nih.gov/pubmed/17048301
http://www.ncbi.nlm.nih.gov/pubmed/18052702
http://www.ncbi.nlm.nih.gov/pubmed/17804655
http://dx.doi.org/10.1007/s00705-008-0186-7
http://www.ncbi.nlm.nih.gov/pubmed/18791835
http://dx.doi.org/10.1902/jop.2008.070388
http://dx.doi.org/10.1902/jop.2008.070388
http://www.ncbi.nlm.nih.gov/pubmed/19053922
http://dx.doi.org/10.1111/j.1600-051X.2008.01301.x
http://www.ncbi.nlm.nih.gov/pubmed/18691217
http://dx.doi.org/10.1111/j.1600-051X.2009.01476.x
http://dx.doi.org/10.1111/j.1600-051X.2009.01476.x
http://www.ncbi.nlm.nih.gov/pubmed/19811582
http://dx.doi.org/10.1111/j.2041-1014.2010.00571.x
http://dx.doi.org/10.1111/j.2041-1014.2010.00571.x
http://www.ncbi.nlm.nih.gov/pubmed/20536751

@’PLOS ‘ ONE

Herpesviruses and Chronic Periodontitis

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Das S, Krithiga GS, Gopalakrishnan S (2012) Detection of human herpes viruses in patients with
chronic and aggressive periodontitis and relationship between viruses and clinical parameters. J Oral
Maxillofac Pathol 16: 203—-209. doi: 10.4103/0973-029X.98502 PMID: 22923891

Sharma R, Padmalatha O, Kaarthikeyan G, Jayakumar ND, Varghese S, Sherif K (2012) Comparative
analysis of presence of Cytomegalovirus (CMV) and Epsteinbarr virus -1 (EBV-1) in cases of chronic
periodontitis and aggressive periodontitis with controls. Indian J Dent Res 23: 454—458. doi: 10.4103/
0970-9290.104948 PMID: 23257476

Kato A, Imai K, Ochiai K, Ogata Y (2013) Higher prevalence of Epstein-Barr virus DNA in deeper peri-
odontal pockets of chronic periodontitis in Japanese patients. PLoS One 8: €71990. doi: 10.1371/
journal.pone.0071990 PMID: 23991022

Albandar JM (2005) Epidemiology and risk factors of periodontal diseases. Dent Clin North Am
49:517-532, v—vi. PMID: 15978239

Socransky SS, Haffajee AD (2005) Periodontal microbial ecology. Periodontol 2000 38: 135-187.
PMID: 15853940

Slots J, Kamma JJ, Sugar C (2003) The herpesvirus-Porphyromonas gingivalis-periodontitis axis. J
Periodontal Res 38: 318-323. PMID: 12753371

Slots J (2010) Herpesviral-bacterial interactions in periodontal diseases. Periodontol 2000 52: 117—
140. doi: 10.1111/1.1600-0757.2009.00308.x PMID: 20017799

Slots J (2010) Human viruses in periodontitis. Periodontol 2000 53: 89—110. doi: 10.1111/j.1600-0757.
2009.00325.x PMID: 20403107

Slots J (2007) Herpesviral-bacterial synergy in the pathogenesis of human periodontitis. Curr Opin
Infect Dis 20: 278-283. PMID: 17471038

Saygun |, Kubar A, Ozdemir A, Yapar M, Slots J (2004) Herpesviral-bacterial interrelationships in
aggressive periodontitis. J Periodontal Res 39: 207-212. PMID: 15206912

Cardoso CR, Garlet GP, Moreira AP, Junior WM, Rossi MA, Silva JS (2008) Characterization of CD4
+CD25+ natural regulatory T cells in the inflammatory infiltrate of human chronic periodontitis. J Leukoc
Biol 84:311-318. doi: 10.1189/jIb.0108014 PMID: 18451325

Mendez JC, Dockrell DH, Espy MJ, Smith TF, Wilson JA, Harmsen WS (2001) Human beta-herpesvi-
rus interactions in solid organ transplant recipients. J Infect Dis 183: 179—184. PMID: 11120923

Feldstein AE, Razonable RR, Boyce TG, Freese DK, El-Youssef M, Perrault J (2003) Prevalence and
clinical significance of human herpesviruses 6 and 7 active infection in pediatric liver transplant
patients. Pediatr Transplant 7: 125—-129. PMID: 12654053

Michalowicz BS, Ronderos M, Camara-Silva R, Contreras A, Slots J (2000) Human herpesviruses and
Porphyromonas gingivalis are associated with juvenile periodontitis. J Periodontol 71: 981-988. PMID:
10914802

Imai K, Inoue H, Tamura M, Cueno ME, Inoue H, et al. (2012) The periodontal pathogen Porphyromo-
nas gingivalis induces the Epstein-Barr virus lytic switch transactivator ZEBRA by histone modification.
Biochimie 94: 839-846. doi: 10.1016/j.biochi.2011.12.001 PMID: 22178321

Teughels W, Sliepen |, Quirynen M, Haake SK, Van Eldere J, Fives-Taylor P, et al. (2007) Human cyto-
megalovirus enhances A. actinomycetemcomitans adherence to cells. J Dent Res 86: 175-180. PMID:
17251519

Wakiguchi H, Hisakawa H, Kubota H, Kurashige T (1999) Strong response of T cells in infants with dual
infection by Epstein-Barr virus and cytomegalovirus. Pediatr Int 41: 484—-489. PMID: 10530058

Hanookai D, Nowzari H, Contreras A, Morrison JL, Slots J (2000) Herpesviruses and periodontopathic
bacteria in Trisomy 21 periodontitis. J Periodontol 71: 376-384. PMID: 10776924

Tabanella G, Nowzari H (2005) Cytomegalovirus-associated periodontitis and Guillain-Barre syn-
drome. J Periodontol 76: 2306-2311. PMID: 16332244

Yildirim S, Yapar M, Kubar A (2006) Detection and quantification of herpesviruses in Kostmann syn-
drome periodontitis using real-time polymerase chain reaction: a case report. Oral Microbiol Immunol
21:73-78. PMID: 16476015

Sunde PT, Olsen |, Enersen M, Grinde B (2008) Patient with severe periodontitis and subgingival
Epstein-Barr virus treated with antiviral therapy. J Clin Virol 42: 176—178. doi: 10.1016/j.jcv.2008.01.
007 PMID: 18304869

Ito A, Isogai E, Yoshioka K, Sato K, Himeno N, Gotanda T (2010) Ability of orally administered IFN-
alpha4 to inhibit naturally occurring gingival inflammation in dogs. J Vet Med Sci 72: 1145-1151.
PMID: 20424396

PLOS ONE | DOI:10.1371/journal.pone.0144319 December 14,2015 13/13


http://dx.doi.org/10.4103/0973-029X.98502
http://www.ncbi.nlm.nih.gov/pubmed/22923891
http://dx.doi.org/10.4103/0970-9290.104948
http://dx.doi.org/10.4103/0970-9290.104948
http://www.ncbi.nlm.nih.gov/pubmed/23257476
http://dx.doi.org/10.1371/journal.pone.0071990
http://dx.doi.org/10.1371/journal.pone.0071990
http://www.ncbi.nlm.nih.gov/pubmed/23991022
http://www.ncbi.nlm.nih.gov/pubmed/15978239
http://www.ncbi.nlm.nih.gov/pubmed/15853940
http://www.ncbi.nlm.nih.gov/pubmed/12753371
http://dx.doi.org/10.1111/j.1600-0757.2009.00308.x
http://www.ncbi.nlm.nih.gov/pubmed/20017799
http://dx.doi.org/10.1111/j.1600-0757.2009.00325.x
http://dx.doi.org/10.1111/j.1600-0757.2009.00325.x
http://www.ncbi.nlm.nih.gov/pubmed/20403107
http://www.ncbi.nlm.nih.gov/pubmed/17471038
http://www.ncbi.nlm.nih.gov/pubmed/15206912
http://dx.doi.org/10.1189/jlb.0108014
http://www.ncbi.nlm.nih.gov/pubmed/18451325
http://www.ncbi.nlm.nih.gov/pubmed/11120923
http://www.ncbi.nlm.nih.gov/pubmed/12654053
http://www.ncbi.nlm.nih.gov/pubmed/10914802
http://dx.doi.org/10.1016/j.biochi.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22178321
http://www.ncbi.nlm.nih.gov/pubmed/17251519
http://www.ncbi.nlm.nih.gov/pubmed/10530058
http://www.ncbi.nlm.nih.gov/pubmed/10776924
http://www.ncbi.nlm.nih.gov/pubmed/16332244
http://www.ncbi.nlm.nih.gov/pubmed/16476015
http://dx.doi.org/10.1016/j.jcv.2008.01.007
http://dx.doi.org/10.1016/j.jcv.2008.01.007
http://www.ncbi.nlm.nih.gov/pubmed/18304869
http://www.ncbi.nlm.nih.gov/pubmed/20424396

